A group of unusual fatal diseases, described as spongiform encephalopathies, transmissible spongiform encephalopathies or transmissible degenerative encephalopathies (TDE), are caused by unconventional but uncharacterized transmissible agents. Such diseases include Creutzfeldt-Jakob disease of humans, scrapie in sheep and goats, and bovine spongiform encephalopathy (BSE). The causal agents possess a number of properties which differentiate them from conventional microorganisms, including an exceptional resistance to inactivation by chemical and physical methods (Kimberlin eta] ., 1983; Brown et al., 1986; Taylor et al., 1994) . There have been numerous reports on the effect of exposing these agents to steam-autoclaving (e.g. Kimberlin et al., 1983; Brown et al., 1986; Ernst & Race, 1993; Taylor et al., 1994) , and the effects on BSE and scrapie agents of different heating regimes used in the commercial rendering of animal tissues have also been described (Taylor et al., 1995 (Taylor et al., , 1996 . Although little has been published on the effect of dry heat, partial survival of the 263K strain of hamster-passaged scrapie agent has been reported after lyophilized infected brain-tissue had been exposed to dry heat at 360 °C for 60 min (Brown et al., 1990) . We have Author for correspondence: David M. Taylor, conducted a series of experiments to determine the effect of different time and temperature combinations of dry heat exposure on non-lyophilized mouse-brain infected with the ME7 strain of scrapie agent. Many of the experiments focused on the effect of different times at 160 °C because of the common usage of this temperature for sterilization with conventional microorganisms (Microbiology Advisory Committee, 1993) ; other temperatures between 120 °C and 200 °C were also examined, but less extensively.
The starting material was a macerated pool of brains collected from mice which were in the terminal clinical phase of disease following injection with the ME7 strain of scrapie agent. Heating took place in a thermostatic hot-air oven which had a forced convection fan (R. E. Pickstone Ltd, London, UK). Before each experimental procedure the oven was run for sufficient time for the required temperature to become stable. Temperature was measured by a type 1604 electronic thermometer connected to a type K thermocouple (Comark Electronics Ltd, Littlehampton, UK); the thermocouple was positioned on the oven-tray adjacent to where the scrapie samples were placed. Aliquots of the infected brain macerates were placed on sterile microscope slides; the aliquots ranged from 5-11 mg (average 7 mg). For heating, the slides were placed in sterile glass Petri dishes which had been pre-heated in the oven; during the experimental heating procedures the lids of the Petri dishes were removed but left in the oven. The temperature dropped when the samples were placed in the oven, and the timing of the heating cycles was started only when the temperature had recovered. At the end of the heating cycles the lids were placed on the Petri dishes before removing them from the oven. To permit the heated brain samples to rehydrate, they were kept overnight at room temperature in the Petri dishes, to which sterile cotton-wool plugs wetted with sterile distilled water had been added. Using sterile scalpel blades the re-hydrated brain samples were transferred from the microscope slides to Griffiths' tubes. They were homogenized in sterile saline to give 10 -2 (w/v) homogenates, based upon their original weights. The homogenates were injected intracerebrally into weanling A2G and BRVR mice (20 pl per mouse) either at the single 10 -2 dilution or as a series of further tenfold dilutions when the infectivity titre was measured (Karber, I931) . Following injection the mice were scored by a precise protocol for the development of clinical neurological iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiii iiii iiiiiiiiii iiiii iiii iiii i iiiiiiiiiiiiiiiiiiii disease, and culled at a precise endpoint when disease occurred (Dickinson et al., I968) . Unaffected animals were culled at up to 760 days after injection. The brains of all animals were immersion-fixed in 10% formol saline. Coronal sections representing five levels were stained with haematoxylin and eosin and examined microscopically for spongiform encephalopathy . Table I gives the data obtained during the titration of untreated ME7 in BRVR mice, and shows that the infectivity titre was 108.3 iDs0/g. Table 1 also shows the data obtained during the titration in BRVR mice of ME7 that had been heated at i60 °C for I h. This had a titre of I07.0 IDs0/g, representing a loss of 1"3 logs. These data for unheated and heated ME7 were used to construct dose-response curves which are shown in Fig. 1 , and demonstrate that the incubation periods for heated agent are extended, compared with those for comparable titres of unheated agent. This phenomenon, which has been described previously with scrapie agent that had been inactivated partially by boiling (Dickinson & Fraser, i969) , autoclaving or chemical treatment (Taylor & Fernie, 1996) , shows that dose-response curves for untreated agent cannot be used as a basis for calculating the infectivity titres of heated agent by comparing their incubation periods. The differences in the incubation periods for heated MET, compared with equivalent titres of untreated MET, can be seen to increase as the concentration of infectivity decreases. Where the dose of heated infectivity was equivalent to a titre of 10 s IDs0/g in the original brain-tissue, the increase was only 22 days. In contrast, when the dose was equivalent to only 102 IDs0/g in the braintissue, the increase was 76 days. If the dose-response curve for unheated ME7 had been used as the basis for calculating infectivity titres in the heated samples, an underestimate of > I log could have occurred. Consequently, the infectivity titres of heated samples assayed in BRVR mice (Table 2) were calculated by comparing their incubation periods with those in the dose-response curve for heated ME7 in BRVR mice (Fig. 1) . Because a dose-response curve was not available for heated ME7 in A2G mice, no attempt has been made to quantify the titres of infectivity in the heated samples assayed in this mouse-strain. However, incubation periods are presented (Table 2 ) since they increased with the severity of the heating process and therefore provide additional evidence of loss of infectivity due to heating. completely effective. However there was a detectable loss of infectivity after exposure to 160 °C for/> 40 min, 180 °C for 20 or 60 rain, and 200 °C for 20rain. Titre decreased progressively as the temperature or time was increased, and had dropped by 6 logs after the 20 rain exposure at 200 °C. It was recognized that the interior of the oven might become contaminated while conducting these experiments, providing possible cross-contamination opportunities. During the heating cycles at all temperatures, samples of normal mouse-brain were included and then injected to determine whether adventitious contamination had occurred. No scrapie infectivity was detected in a total of 30 such samples.
The carcases of cattle in Great Britain with suspected BSE are disposed of by incineration. The required conditions are that the ash should have a carbon content of < 7 %, and the temperature in the secondary stage after-burner must be > 850 °C for 2 s in fixed incinerators or > 1000 °C for 1 s in mobile incinerators (Department of the Environment, 1995). The effectiveness of incineration for inactivating TDE agents has been questioned on the basis of the survival of some scrapie infectivity after exposure to dry heat at 360 °C for I h (Brown et al., I990) . However, the exposed material was an infected brain homogenate which was lyophilized before heating, and was therefore quite unrepresentative of materials like BSE-affected bovine carcases, or the animal or human tissues present in clinical waste, which are customarily incinerated. In our present study, in which non-lyophilized scrapie-infected brain-tissue was exposed to dry heat, a small amount of infectivity survived exposure at 160 °C for 24 h. However, at 200 °C the same degree of inactivation was achieved in ~ 20 min, and no infectivity was detectable after exposure at 200 °C for I h. This suggests that the results obtained by Brown et al. (I990) were attributable to the use of lyophilized samples; Asher et al. (I986) reported that scrapie infectivity dried onto glass or steel surfaces is more difficult to inactivate by autoclaving or dry heat than infected liquid homogenates. On the basis of the data generated in this present study we conclude that it is much less likely that TDE infectivity could survive incineration.
